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1. Introduction
N = 12 supersymmetric theories (i.e. theories defined on non-anticommutative super-
space) have recently attracted much attention[1]–[4]. Such theories are non-hermitian and
only have half the supersymmetry of the corresponding N = 1 theory. These theories are
not power-counting renormalisable1 but it has been argued[7]–[10] that they are in fact
nevertheless renormalisable, in other words only a finite number of additional terms need
to be added to the lagrangian to absorb divergences to all orders. In previous work we
have confirmed this renormalisability at the one-loop level. In particular we have shown
that although divergent gauge non-invariant terms are generated at the one-loop level,
they can be removed by divergent field redefinitions leading to a renormalisable theory in
which N = 1
2
supersymmetry is preserved at the one-loop level in both the pure gauge
case[11] and in the case of chiral matter in the fundamental representation[12]. On the
other hand, the authors of Ref. [13] obtained the one loop effective action for pure N = 12
supersymmetry using a superfield formalism. Although they found divergent contributions
which broke supergauge invariance, their final result was gauge-invariant without the need
for any redefinition. In subsequent work[14] it was shown that the N = 1
2
superfield action
requires modification to ensure renormalisability, which is consistent with our findings in
the component formulation[12].
It was pointed out in Ref. [4] that an N = 1
2
supersymmetric theory can also be
constructed with matter in the adjoint representation. Our purpose here is to repeat
the analysis of Ref. [12] for the adjoint case, then proceed to consider the addition of
superpotential terms, which will turn out to be a non-trivial task. The adjoint action
of Ref. [4] was written for the gauge group U(N). As we noted in Refs. [11], [12], at
the quantum level the U(N) gauge invariance cannot be retained. In the case of chiral
matter in the fundamental representation we were obliged to consider a modified theory
with the gauge group SU(N) ⊗ U(1). In the adjoint case with a trilinear superpotential,
it will turn out that the matter fields must also be in a representation of SU(N)⊗ U(1).
However, for simplicity of exposition we shall start by considering the adjoint case without
a superpotential, in other words adapting the calculations of Ref. [12] to the adjoint case.
1 See Refs. [5][6] for other discussions of the ultra-violet properties of these theories.
2
The classical action without a superpotential may be written
S0 =
∫
d4x
[
−14FµνAFAµν − iλ¯Aσ¯µ(Dµλ)A + 12DADA
− 1
2
iCµνdABCeABCFAµν λ¯
B λ¯C
+ 18g
2|C|2dabedcde(λ¯aλ¯b)(λ¯cλ¯d) + 14N g
4
g2
0
|C|2(λ¯aλ¯a)(λ¯bλ¯b)
+ F¯F − iψσ¯µDµψ −Dµφ¯Dµφ
+ gφ¯DFφ+ ig
√
2(φ¯λFψ − ψλ¯Fφ)
+ dabcgCµν
(√
2Dµφ¯
aλ¯bσ¯νψ
c + iφ¯aF bµνF
c
)
+ dab0g0C
µν
(√
2Dµφ¯
aλ¯0σ¯νψ
b + iφ¯aF 0µνF
b
)
+ d000g0C
µν
(√
2∂µφ¯
0λ¯0σ¯νψ
0 + iφ¯0F 0µνF
0
)
+ dab0gCµν1
(√
2∂µφ¯
0λ¯aσ¯νψ
b + iφ¯0F aµνF
b
)
+ dab0gCµν2
(√
2Dµφ¯
aλ¯bσ¯νψ
0 + iφ¯aF bµνF
0
)
− 1
4
g2|C|2φ¯λ¯F λ¯FF
]
.
(1.1)
Here
λF = λaF˜ a, (F˜A)BC = ifBAC , (1.2)
and we have
Dµφ =∂µφ+ igA
F
µφ,
FAµν =∂µA
A
ν − ∂νAAµ − gfABCABµACν ,
(1.3)
with similiar definitions for Dµψ, Dµλ. If one decomposes U(N) as SU(N)⊗U(1) then our
convention is that φa (for example) are the SU(N) components and φ0 the U(1) component.
(For later convenience we also define gA similarly to encompass both ga = g and g0.) Of
course then fABC = 0 unless all indices are SU(N). We note that dab0 =
√
2
N
δab,
d000 =
√
2
N
. (Useful identities for U(N) are listed in Appendix B.) We also have
eabc = g, ea0b = eab0 = e000 = g0, e
0ab =
g2
g0
. (1.4)
We have written the φ¯λ¯λ¯F term as it is given starting from the superspace formalism. We
note that it has the opposite sign from that given in Ref. [4]. This term is N = 1
2
super-
symmetric on its own and so the exact form chosen should not affect the renormalisability
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of the theory. It is easy to show that Eq. (1.1) is invariant under
δAAµ =− iλ¯Aσ¯µǫ
δλAα =iǫαD
A + (σµνǫ)α
[
FAµν +
1
2 iCµνe
ABCdABC λ¯B λ¯C
]
, δλ¯Aα˙ = 0,
δDA =− ǫσµDµλ¯A,
δφ =
√
2ǫψ, δφ¯ = 0,
δψα =
√
2ǫαF, δψα˙ = −i
√
2(Dµφ¯)(ǫσ
µ)α˙,
δF a =δF 0 = 0,
δF¯ a =− i
√
2Dµψ
a
σ¯µǫ− 2ig(φ¯ǫλF )a
+ 2gCµνDµ(φ¯
bǫσν λ¯
cdbca + φ¯bǫσν λ¯
0db0a) + 2gCµν1 Dµ(φ¯
0ǫσν λ¯
bd0ba),
δF¯ 0 =− i
√
2Dµψ
0
σ¯µǫ
+ 2gCµν2 Dµ(φ¯
aǫσν λ¯
bdab0) + 2g0C
µνDµ(φ¯
0ǫσν λ¯
0d000).
(1.5)
In Eq. (1.1), Cµν is related to the non-anti-commutativity parameter Cαβ by
Cµν = Cαβǫβγσ
µν
α
γ , (1.6)
where
σµν = 14(σ
µσ¯ν − σν σ¯µ),
σ¯µν = 1
4
(σ¯µσν − σ¯νσµ),
(1.7)
and
|C|2 = CµνCµν . (1.8)
Our conventions are in accord with [3]; in particular,
σµσ¯ν = −ηµν + 2σµν . (1.9)
Properties of C which follow from Eq. (1.6) are
Cαβ = 1
2
ǫαγ (σµν)γ
βCµν , (1.10a)
Cµνσναβ˙ = Cα
γσµγβ˙ , (1.10b)
Cµν σ¯α˙βν = −Cβγ σ¯µα˙γ . (1.10c)
In Eqs. (1.1), Cµν1,2 will be identical to C
µν at the classical level; but we have dis-
tinguished them to allow for the possibility of different renormalisations (in practice an
4
overall numerical factor) at the quantum level; so that Cµν1,2 will obey properties analo-
gous to Eqs. (1.6), (1.8) and (1.10). It is important to note that this is only compatible
with N = 12 supersymmetry due to the fact that the ∂µφ¯0λ¯aσ¯νψb term in Eq. (1.1) con-
tains no gauge field; and the variation of the gauge field in Dµφ¯
aλ¯aσ¯νψ
0 gives zero. This
implies that the variations of the terms containing either Cµν1 or C
µν
2 respectively are
self-contained. (By contrast, the variation of the gauge field in the Dµφ¯
aλ¯bσ¯νψ
c term is
cancelled by the Cµν term in the variation of the λ in the φ¯λψ term, which forces the Cµν
in the 6th line of Eq. (1.1) to be equal to that in the pure gauge terms, and similarly for
that in the 7th line; the terms in the 8th line do not get renormalised at all.)
We use the standard gauge-fixing term
Sgf =
1
2α
∫
d4x(∂.A)2 (1.11)
with its associated ghost terms. The gauge propagators for SU(N) and U(1) are both
given by
∆µν = − 1
p2
(
ηµν + (α− 1)pµpν
p2
)
(1.12)
(omitting group factors) and the gaugino propagator is
∆αα˙ =
pµσ
µ
αα˙
p2
, (1.13)
where the momentum enters at the end of the propagator with the undotted index. The
one-loop graphs contributing to the “standard” terms in the lagrangian (those without a
Cµν) are the same as in the ordinary N = 1 case, so anomalous dimensions and gauge
β-functions are as for N = 1. Since our gauge-fixing term in Eq. (1.11) does not preserve
supersymmetry, the anomalous dimensions for Aµ and λ are different (and moreover gauge-
parameter dependent), as are those for φ and ψ. However, the gauge β-functions are of
course gauge-independent. The one-loop one-particle-irreducible (1PI) graphs contributing
to the new terms (those containing C) are depicted in Figs. 1–6. With the exception
of Fig. 6 (which gives zero contributions in the case of chiral fields in the fundamental
representation) these diagrams are the same as those considered in Ref. [12]. The divergent
contributions from these and other diagrams considered later are listed in Appendix A.
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2. Renormalisation of the adjoint SU(N) action
The renormalisation of N = 12 supersymmetric gauge theory presents certain sub-
tleties. The bare action is given by
SB =S0B
+ 1
N
γ1g
2
0 |C|2(λ¯aλ¯a)(λ¯0λ¯0)
− gdab0γ2Cµν2
(√
2Dµφ¯
aλ¯bσ¯νψ
0 +
√
2φ¯aλ¯bσ¯ν∂µψ
0 + iφ¯aF bµνF
0
)
− g0dab0γ3Cµν
(√
2Dµφ¯
aλ¯0σ¯νψ
b +
√
2φ¯aλ¯0σ¯νDµψ
b + iφ¯aF 0µνF
b
)
(2.1)
where S0B is obtained by replacing all fields and couplings in S0 (in Eq. (1.1)) by their
bare versions, given below. The terms involving γ1−3 are separately invariant under N = 12
supersymmetry. Those with γ1, γ2 must be included at this stage to obtain a renormalisable
lagrangian; those with γ3 will be required when we introduce a superpotential but could
be omitted at present.
We found in Refs. [11], [12] that non-linear renormalisations of λ and F¯ were required;
and in a subsequent paper[15] we pointed out that non-linear renormalisations of F , F¯
are required even in ordinary N = 1 supersymmetric gauge theory when working in the
uneliminated formalism. Note that in the N = 1
2
supersymmetric case, fields and their
conjugates may renormalise differently. The renormalisations of the remaining fields and
couplings are linear as usual and given by
λ¯aB = Z
1
2
λ λ¯
a, AaµB = Z
1
2
AA
a
µ, D
a
B = Z
1
2
DD
a, φaB = Z
1
2
φ φ
a,
ψaB = Z
1
2
ψ ψ
a, φ¯aB = Z
1
2
φ φ¯
a, ψ
a
B =Z
1
2
ψ ψ
a
, FB = ZFF, gB = Zgg,
C
µν
B = ZCC
µν , |C|2B = Z|C|2 |C|2, Cµν1,2B = ZC1,2Cµν1,2, γ1−3B = Z1−3.
(2.2)
The corresponding U(1) gauge multiplet fields λ¯0 etc are unrenormalised (as are the U(1)
chiral fields φ0 etc in the case with no superpotential); so is g0. The auxiliary field F
is also unrenormalised, i.e. ZF = 1 (though again this will no longer be the case when
we later introduce a superpotential). In Eq. (2.2), Z1−3 are divergent contributions, in
other words we have set the renormalised couplings γ1−3 to zero for simplicity. The other
renormalisation constants start with tree-level values of 1. As we mentioned before, the
renormalisation constants for the fields and for the gauge coupling g are the same as in the
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ordinary N = 1 supersymmetric theory (for a gauge theory coupled to an adjoint chiral
field) and are therefore given up to one loop by[16]:
Zλ =1− g2NL(2α+ 2),
ZA =1 + g
2NL(1− α)
ZD =1− 2NLg2,
Zg =1− 2g2NL,
Zφ =1 + 2g
2(1− α)LN,
Zψ =1− 2g2(1 + α)LN,
(2.3)
where (using dimensional regularisation with d = 4 − ǫ) L = 116π2ǫ . The renormalisation
of λA is given by
λaB =Z
1
2
λ λ
a − 12NLg3Cµνdabcσµλ¯cAbν −NLg2g0Cµνdab0σµλ¯0Abν
+ i
√
2ρ4NLg
3dabc(Cψ)bφ¯c + i
√
2ρ5NLg
3dab0(Cψ)0φ¯b,
λ0B =λ0i
√
2ρ6NLg
2g0d
0ab(Cψ)aφ¯b,
(2.4)
where (Cψ)α = Cαβψ
β. The replacement of λ by λB produces a change in the action
given (to first order) by
S0(λB)− S0(λ) =NLg2
∫
d4x
{
ρ4g
[
igdabef cdeφ¯aφ¯bψc(Cψd)
+
√
2Cµνdabcφaλ¯bσ¯νDµψ
c +
√
2CµνdabcDµφ¯
aλ¯bσ¯νψ
c
]
+ ρ5
√
2gCµνdab0(φ¯aλ¯bσ¯ν∂µψ
0 +Dµφ¯
aλ¯bσ¯νψ
0)
+ ρ6
√
2g0C
µνd0ab(φ¯aλ¯0σ¯νDµψ
b +Dµφ¯
aλ¯0σ¯νψ
b) + . . .
}
,
(2.5)
where the ellipsis indicates the terms not involving ρ4−6 (which were given previously in
Ref. [12]). The value of ρ4 will be chosen so as to cancel the divergent contributions from
Fig. 6; ρ5,6 will be specified later when we renormalise the theory with a superpotential.
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We now find that to render finite the contributions linear in F we require
F¯ aB =ZF F¯
a + iCµνLg2
{
gN
[
(5 + 2α)∂µA
b
ν − 14 (11 + 4α)gf bdeAdµAeν
]
φ¯cdabc
+
√
2Ng
[
2 ((4 + α)− zC1) ∂µAaν −
(
1
2(9 + 2α)− zC1
)
gfabcAbµA
c
ν
]
φ¯0
+ 2
√
2Ng0 (−(1− α) + z3) ∂µA0ν φ¯a
}
+ 18Lg
4|C2|
[
2(1− α)Nfacef bde − 11Ndabedcde + 4(δabδcd + δacδbd)
]
φ¯bλ¯cλ¯d
− Lg3|C|2
{
dabc
√
2N
[
gφ¯0λ¯bλ¯c + 3g0φ¯
bλ¯cλ¯0
]
+ 4g0φ¯
0λ¯0λ¯a
}
,
F¯ 0B =ZF F¯
0 + i
√
2NL (2 + z2 − zC2)CµνF aµν φ¯a
− 2dabcg4L|C|2
√
2Nφ¯aλ¯bλ¯c − 8g3g0L|C|2φ¯aλ¯aλ¯0.
(2.6)
Writing Z
(n)
C for the n-loop contribution to ZC we set
Z
(1)
C = zCNLg
2 (2.7)
with similar definitions for Z|C|2 , ZC1,2 , Z1−3. We now find that with
zC = z|C|2 = 0, zC1 = −zC2 = 2, z1 = −3, ρ4 = 1, ρ5 = z2 − zC2 , ρ6 = z3, (2.8)
the one-loop effective action is finite, for arbitrary z2, z3..
3. The superpotential
We now consider the problem of adding superpotential terms to the lagrangian
Eq. (1.1). The following potential terms are N = 12 invariant at the classical level:
Sint =
∫
d4xtr
{
y
[
φ2F − ψ2φ
+ φ¯2F¯ − ψ2φ¯+ 43 igCµν φ¯3Fˆµν + 23CµνDµφ¯Dν φ¯φ¯
]
+m
[
φF − 12ψψ + φ¯F¯ − 12ψψ + iCµν φ¯Fˆµν φ¯− 18g3|C|2φ¯φ¯λ¯F λ¯F
]}
.
(3.1)
Here in the interests of conciseness we have written the superpotential in index-free form,
so that
φ = φARA, ψ = ψARA, Aˆµ = gA
a
µR
a + g0A
0
µR
0; (3.2)
it then follows that Fˆµν = gAF
A
µνR
A, with Fµν defined as in Eq. (1.3). The group matrices
are normalised so that Tr[RARB] = 12δ
AB; in particular, R0 =
√
1
2N 1. It is easy to
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check that Sint is N = 12 invariant. Except for the last mass term, this superpotential is
most readily derived directly from the superspace formalism. Denoting an adjoint chiral
superfield as ΦA, we have that under a gauge transformation
ΦA → Ω ∗ ΦA ∗ Ω−1, ΦA → Ω ∗ ΦA ∗ Ω−1,
so that the gauge interactions are written in superfield form as∫
d4θ tr
[
ΦA ∗ eV ∗ ΦA ∗ e−V
]
.
The following superpotential terms are manifestly also invariant:∫
d2θ tr
[
1
2
mΦA ∗ ΦA + 13yΦA ∗ ΦA ∗ ΦA
]
+
∫
d2θ tr
[
1
3mΦA ∗ ΦA + 13yΦA ∗ ΦA ∗ ΦA
]
.
(3.3)
Expanded in component fields we have
ΦA(y, θ) = φ(y) +
√
2θψ(y) + θθF (y) (3.4a)
ΦA(y, θ) = φ(y) +
√
2θψ(y)
+ θθ
(
F (y) + igCµν∂µ{φ,Aν}(y)− g
2
2 C
µν
[
Aµ, {Aν, φ}
]
(y)
)
, (3.4b)
where yµ = yµ − 2iθσµθ. Note the modification of the θθ-term[4].
If we substitute Eq. (3.4) in Eq. (3.3) we obtain Eq. (3.1) except for the last term.
(This can also be expressed in superfields but in a more unwieldy form). The coefficient
of this final term is arbitrary since it is separately N = 1
2
invariant; the reason for our
particular choice will be explained later (after Eq. (A.18) in Appendix A). A similar set of
mass terms is admissible in the case of the fundamental representation, with mass terms
coupling the fundamental and anti-fundamental representation fields[17]. However, no
trilinear term is possible in the N = 12 case for the fundamental representation. If we have
both adjoint and fundamental (antifundamental) representations Φ(Φ˜) we can construct
N = 2-type invariants, of the form
y
[∫
d2θ Φ˜ ∗ ΦA ∗ Φ +
∫
d2θΦ ∗ ΦA ∗ Φ˜
]
. (3.5)
At the classical level φ may be considered as forming a representation of U(N). How-
ever, just as we saw in Ref. [12] for the gauge group, the U(N) structure is not preserved
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at the quantum level. The φa renormalise differently from the φ0 and this means that, for
instance, there must be a different mass parameter (m, say) for the φaF a, ψaψa terms than
for the φ0F 0, ψ0ψ0 terms (m0, say). In the case of the mass terms this does not present
serious difficulty since we can separate the mass terms in Eq. (3.1) into separately N = 12
invariant sets of terms involving either m or m0. However, in the case of the trilinear
superpotential terms, we need to invoke three separate couplings, one (y, say) for φaφbF c
terms, one (y1, say) for φ
aφbF 0, φaφ0F b etc and one (y2, say) for φ
0φ0F 0. In the N = 1
case the theory would, of course, be renormalisable, with each of y, y1,2 renormalising
differently. By contrast, in the N = 12 case many of the φ¯3Aµ terms are linked by N = 12
transformations to more than one of these groups of terms and so cannot be assigned a
unique coupling out of y, y1,2. So in the presence of trilinear superpotential terms, the
N = 12 invariance cannot be maintained at the quantum level. It is this linking of different
groups of terms, specifically those corresponding purely to SU(N) with those containing
U(1) fields, which implies that we cannot have an N = 12 theory with a superpotential if
the chiral fields belong to SU(N) alone.
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4. The renormalised action with superpotential
As we explained in the previous section, many of the individual terms with couplings
m or y in Eq. (3.1) will renormalise differently and hence need to be assigned their own
separate couplings. For renormalisability, Eq. (3.1) needs to be replaced by
Sint =
∫
d4x
{
1
4
ydabc(φaφbF c − ψaψbφc)
+ 14y1d
ab0(φaφbF 0 + 2φaφ0F b − ψaψbφ0 − 2ψaψ0φb)
+ 14y2d
000(φ0φ0F 0 − ψ0ψ0φ0)
+ 1
4
ydabc(φ¯aφ¯bF¯ c − ψaψbφ¯c)
+ 1
4
y1d
ab0(φ¯aφ¯bF¯ 0 + 2φ¯aφ¯0F¯ b − ψaψbφ¯0 − 2ψaψ0φ¯b)
+ 14y2d
000(φ¯0φ¯0F¯ 0 − ψ0ψ0φ¯0)
+ igCµνF dµν
(
1
6yd
abedcdeφ¯aφ¯bφ¯c + 13y3
1
N
δabδcdφ¯aφ¯bφ¯c
+ 12y4
√
2
N
dabdφ¯0φ¯aφ¯b + y5
1
N
φ¯0φ¯0φ¯d
)
+ ig0C
µνF 0µν
(
1
6y
√
2
N
dabcφ¯aφ¯bφ¯c + y1
1
N
φ¯aφ¯aφ¯0 + 13y2
1
N
φ¯0φ¯0φ¯0
)
+ 1
6
iyCµνfabc(Dµφ¯)
a(Dν φ¯)
bφ¯c
+m
[
φaF a − 12ψaψa + φ¯aF¯ a − 12ψ
a
ψ
a
+ 12 igC
µνdabcF cµν φ¯
aφ¯b + 12 igC
µν
1 d
0abF aµν φ¯
0φ¯b + 12 igC
µνd0abF 0µν φ¯
aφ¯b
]
+m0
[
φ0F 0 − 12ψ0ψ0 + φ¯0F¯ 0 − 12ψ
0
ψ
0
+ 12 igC
µν
2 d
0abF aµν φ¯
0φ¯b + 12 igC
µνd000F 0µν φ¯
0φ¯0
]
+ |C|2[−1
8
µ1f
acef bde + µ2
2
N
δabδcd
]
g2φ¯aφ¯bλ¯cλ¯d
+ gdabc
√
2N |C|2φ¯aλ¯b (µ3g0φ¯cλ¯0 + gµ4φ¯0λ¯c)+ 2N µ5gg0|C|2φ¯aφ¯0λ¯aλ¯0}.
(4.1)
Each of the coefficients m, y, etc above will renormalise separately. However, for simplicity
when we quote the results for Feynman diagrams, we will use the values of the coefficients
as implied by Eq. (3.1), i.e. y1−5 = y, m0 = µ1 = m, µ2−5 = 0, so that these are effectively
the renormalised values of these couplings. Note that the g0C
µνF 0µν
√
2
N
dabcφ¯aφ¯bφ¯c and
1
N
g0C
µνF 0µν φ¯
aφ¯aφ¯0 terms only mix with the dabcφ¯aφ¯bF¯ c or dab0φ¯aφ¯bF¯ 0 fields respectively
and hence can be assigned the coupling y or y1 respectively.
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The renormalisation constants Zφ,ψ, ZF now acquire y-dependent contributions, so
we have
Zφ =1 +
[−1
4
y2 + 2g2(1− α)]LN,
Zψ =1 +
[−14y2 − 2g2(1 + α)]LN,
Zφ0 =Zψ0 = 1− 14y2LN,
ZF =1− 14y2LN.
(4.2)
Here we write φ0B = Z
1
2
φ0
φ0, etc, since the U(1) chiral fields are now renormalised. Now
for the bare action we also need to replace mB = Zmm, yB = Zyy etc in addition to the
replacements given earlier. These renormalisation constants are given according to the
non-renormalisation theorem by
Zm =Z
−1
Φ ,
Zm0 =Z
−1
Φ0
,
Zy =Z
−
3
2
Φ ,
Zy1 =Z
−1
Φ Z
−
1
2
Φ0
,
Zy2 =Z
−
3
2
Φ0
,
(4.3)
where ZΦ , ZΦ0 are the renormalisation constants for the chiral superfield Φ given by
ZΦ =1 +
[−14y2 + 4g2]LN,
ZΦ0 =1− 14y2LN.
(4.4)
The redefinitions of F and F¯ found in Ref. [11] need to be modified in the presence
of mass terms and the U(1) gauge group. This is easily done following the arguments of
Ref. [15]; there are no one-loop diagrams giving divergent contributions to mφF or mφ¯F¯
although there are counterterm contributions from mBφBF , mBφ¯BF¯ . At one loop we
have
F¯ a′B =F¯
a
B + (α+ 3)g
2NL
(
mφ¯a + 14yd
abcφ¯bφ¯c
)
+ 12 (α+ 3)yg
2NLdab0φ¯bφ¯0,
F¯ 0′B =F¯
0
B,
F a′B =ZFF
a + (α+ 3)g2NL
(
mφa + 14yd
abcφbφc
)
+ 12 (α+ 3)yg
2NLdab0φbφ0,
F 0′B =ZFF
0.
(4.5)
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Here F¯ aB etc are as given in Eq. (2.6), though of course using the non-zero ZF given
in Eq. (4.2). The new C-dependent diagrams in the presence of a superpotential are
depicted in Figs. 7–11, and their divergent contributions in the corresponding Tables. We
omit diagrams giving contributions of the form AµAν φ¯
3 which complete the Fµν in Fµν φ¯
3
contributions; we already have ample evidence that gauge invariance, even when apparently
violated, can be restored by making divergent field redefinitions. We also omit diagrams
of the form φ¯3λ¯2; these are separately N = 12 invariant and are not going to give any more
information about the preservation of N = 1
2
supersymmetry.
We now choose the renormalisation constants at our disposal to ensure finiteness. In
order to ensure renormalisability of the action in Eq. (4.1), we find we now need to impose
specific values for the hitherto arbitrary coefficients z2, z3, namely
z2 = −4, z3 = 4. (4.6)
We find moreover
Zy3 =1− 6LNg2,
Zy4 =1− 4LNg2,
Zy5 =1− 2LNg2,
Zµ1 =1 +
32
N
Lg2
(
1− g2
g2
0
)
,
Zµ2 =− g
4
g2
0
L,
Zµ3 =0,
Zµ4 =2LNg
2,
Zµ5 =4LNg
2.
(4.7)
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5. The eliminated formalism
It is instructive and also provides a useful check to perform the calculation in the
eliminated formalism. In the eliminated case Eq. (4.1) is replaced by
S˜mass =
∫
d4x
{
−1
4
ydabcψaψbφc − 1
4
y1d
ab0(ψaψbφ0 + 2ψaψ0φb)− 1
4
y2d
000ψ0ψ0φ0
− 14ydabcψ
a
ψ
b
φ¯c − 14y1dab0(ψ
a
ψ
b
φ¯0 + 2ψ
a
ψ
0
φ¯b)− 14y2d000ψ
0
ψ
0
φ¯0
+m2φ¯aφa − 1
2
mψaψa − 1
2
mψ
a
ψ
a
+m20φ¯
0φ0 − 1
2
m0ψ
0ψ0 − 1
2
m0ψ
0
ψ
0
− (ydeabφaφb + 2y1dea0φaφ0) (ydeabφ¯aφ¯b + 2y1dea0φ¯aφ¯0)
− (y1d0abφaφb + y2d000φ0φ0) (y1d0abφ¯aφ¯b + y2d000φ¯0φ¯0)
+ 16 iyC
µνfabc(Dµφ¯)
a(Dν φ¯)
bφ¯c
+ 1
6
igF dµν
(
−1
2
yCµνdabedcdeφ¯aφ¯bφ¯c + [2y3C
µν − 3y1(1− Z2)Cµν2 ] 1N δabδcdφ¯aφ¯bφ¯c
+ 3[(y4 − y1)Cµν − 12yCµν1 ]
√
2
N
dabdφ¯0φ¯aφ¯b
+ 6[y5C
µν − y1Cµν1 − 12y2(1− Z2)Cµν2 ] 1N φ¯0φ¯0φ¯d
)
− 112 ig0CµνF 0µν
(
y(1− 3Z3)
√
2
N
dabcφ¯aφ¯bφ¯c + 6y1(1− 2Z3) 1N φ¯aφ¯aφ¯0
+ 2y2
1
N
φ¯0φ¯0φ¯0
)
− 1
2
i
{
gmdabcCµνF cµν φ¯
aφ¯b + g0m0(1− 2Z3)Cµνdab0F 0µν φ¯aφ¯b
+ g [mCµν1 +m0(1− 2Z2)Cµν2 ] dab0F bµν φ¯aφ¯0
}
+ g2|C|2[−18 (µ1 − 2m)facef bde + µ2 2N δabδcd]φ¯aφ¯bλ¯cλ¯d
+ gdabc
√
2N |C|2φ¯aλ¯b (µ3g0φ¯cλ¯0 + gµ4φ¯0λ¯c)+ 2N µ5gg0|C|2φ¯aφ¯0λ¯aλ¯0}
(5.1)
while we simply strike out the terms involving F , F¯ in Eq. (1.1). Once again note that
in quoting diagrammatic results we set y1−5 = y, m0 = µ1 = m, µ2−5 = 0, so that these
are effectively the renormalised values of these couplings. In Table 7, the contributions
from Figs. 7(f-k) are now absent while those from Figs. 7(l-r) change sign. Similarly, in
Table 8, the contributions from Figs. 8(e-p) are now absent while those from Figs. 8(q-
dd) change sign. In Table 9, the contributions from Figs. 9(f-n) are now absent while
those from Figs. 9(o-z) change sign. In Table 10, the contribution from Fig. 10(d) is now
absent. In Table 11, the contributions from Figs. 11(j-o) are now absent while those from
Figs. 11(p-v) which contain two factors of dabc acquire an additional factor of
(−12). The
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results from Figs. 7–11 now add to
Γ
(1)pole
71PIelim =iLg
2Cµνm
[
−12(7 + 5α)Ngdabc∂µAaν φ¯bφ¯c
+ 3(1− α)g
√
2N∂µA
a
ν φ¯
aφ¯0 − 2(5 + α)g0
√
2N∂µA
0
ν φ¯
aφ¯a
]
,
Γ
(1)pole
81PIelim =iLg
4CµνmfabeAaµA
b
ν
[
1
2 (5 + 3α)Nd
cdeφ¯cφ¯d + 2α
√
2Nφ¯eφ¯0
]
,
Γ
(1)pole
91PIelim =|C|2mL
{[
2 g
2
g2
0
δabδcd +
{
1
2
N(3 + α) + 4
N
(
1− g2
g2
0
)}
facef bde
]
g4φ¯aφ¯bλ¯cλ¯d
− 2g4dabc
√
2Nφ¯aλ¯bφ¯0λ¯c − 8g3g0φ¯aφ¯0λ¯aλ¯0
}
,
Γ
(1)pole
101PIelim =Γ
(1)pole
101PI ,
Γ
(1)pole
111PIelim =iC
µνλg2L
(
−1
2
g
(
3 + 7
3
α
)
Nfabef cde∂µφ¯
aφ¯bφ¯cAdν
+
[− (34 + 712α) dabedcde + ( 52 − 76α) δabδcd] gφ¯aφ¯bφ¯c∂µAdν
− 14 (7 + 5α)g
√
2Ndabcφ¯0φ¯aφ¯b∂µA
c
ν +
3
2(1− α)gφ¯0φ¯0φ¯a∂µAaν
− 12 (5 + α)g0
√
2Ndabcφ¯aφ¯bφ¯c∂µA
0
ν − 2(5 + α)g0φ¯aφ¯aφ¯0∂µA0ν
)
,
(5.2)
respectively. The results in Eq. (4.7) are unchanged, which is a very good check on the
calculation.
6. Conclusions
We have repeated our earlier one-loop analysis of N = 1
2
supersymmetry for the
case of chiral matter in the adjoint representation. We have constructed an N = 12
invariant set of mass terms and an N = 12 invariant set of trilinear terms for this case.
The N = 12 invariance of the trilinear terms requires the chiral matter be in the adjoint
representation of U(N) rather than SU(N) at the classical level. However, once we consider
quantum corrections, the U(1) chiral fields will renormalise differently from the SU(N)
fields and so at the quantum level we are obliged to consider SU(N) ⊗ U(1) rather than
U(N). On the other hand, the N = 12 transformations mix superpotential terms with
different kinds of field (SU(N) or U(1)) and so it is clear that the N = 1
2
invariance of
the trilinear terms cannot be preserved at the quantum level. We have shown that the
N = 1
2
supersymmetry of the mass terms is preserved under renormalisation at the one-
loop level, and also that certain groups of trilinear terms for which N = 1
2
supersymmetry
does not mix the different gauge groups remain N = 12 supersymmetric at one loop.
However the renormalisability is assured by making a particular choice of the parameters
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γ2, γ3 (in Eq. (2.1)), as determined by Eq. (4.6). This also implies (through Eq. (2.8)) a
particular choice of renormalisation for the gaugino λ, parametrised by ρ5 (in Eq. (2.4)).
The necessity for these choices seems somewhat counterintuitive as these renormalisations
are all present in the theory without superpotential and yet there appeared to be nothing
in the theory without superpotential to enforce these choices. It would be reassuring if
some independent confirmation could be found for these particular values. Presumably the
necessity for the non-linear renormalisations we are compelled to make lies in our use of
a non-supersymmetric gauge (the obvious choice when working in components, of course).
So the answer to this puzzle might lie in a close scrutiny of the gauge-invariance Ward
identities. Of course a calculation in superspace would also be illuminating. It is always
tempting to investigate whether the behaviour at one loop persists to higher orders but
the proliferation of diagrams in this case would almost certainly be prohibitive.
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Appendix A. Results for one-loop diagrams
In this Appendix we list the divergent contributions from the various one-loop dia-
grams.
The contributions from the graphs shown in Fig. 1 are of the form
√
2Ng2gBLC
µνdABC
(
∂µφ¯
AXABC1 λ¯
B σ¯νψ
C + φ¯AY ABC1 λ¯
B σ¯ν∂µψ
C
)
(A.1)
where XABC1 and Y
ABC
1 consist of a number X1, Y1 multiplying a tensor structure formed
of a product of terms like cA or dA, where cA = 1−δA0, dA = 1+δA0. The X1, Y1 and the
tensor structures are given separately in Table 1. (The contributions from Figs. 2–4, 7, 8
also involve tensors XABC...i , Y
ABC...
i etc (for Fig. i) which can be decomposed similarly
and will be similarly presented.)
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Fig. X1 Y1 Tensor
1a 3
2
−α cAcBdC
1b α α cAcBdC
1c α 0 dAcBcC
1d 1 −1 cAcBdC
1e 1 0 dAcBcC
1f −1
2
(1− 2α) 0 cAdBcC
1g 1 0 cAdBcC
1h 1 −1 cAdBcC
1i 0 1 cAdBcC
1j −3 0 cA
Table 1: Contributions from Fig. 1
The sum of the contributions from Table 1 can be written in the form
Γ
(1)pole
11PI =Ng
2
√
2LCµν
[
(2 + 3α)gdabc∂µφ¯
aλ¯bσ¯νψ
c − gdabcφ¯aλ¯bσ¯ν∂µψc
+ 2(1 + α)gdab0∂µφ¯
aλ¯bσ¯νψ
0 − 2gdab0φ¯aλ¯bσ¯ν∂µψ0
+ 2αg0d
ab0∂µφ¯
aλ¯0σ¯νψ
b
+ 2(1 + α)gdab0∂µφ¯
0λ¯aσ¯νψ
b
]
(A.2)
The contributions from the graphs shown in Fig. 2 are of the form
√
2g3gCNLC
µνAAµ φ¯
Bλ¯C σ¯νψ
D
(
XABCD2 f
BAEdCDE
+ Y ABCD2 f
DAEdCBE + ZABCD2 f
BDEdCAE
) (A.3)
where gc ≡ g. The X2, Y2, Z2 and tensor products in the decomposition of XABCD2 ,
Y ABCD2 and Z
ABCD
2 (as described earlier) are shown in Table 2:
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Fig. X2 Y2 Z2 Tensor
2a 1
2
1
2
−1
2
cAcBcCdD
2b 12
1
2
1
2 c
AcBcCdD
2c 1 −1 1 cAcBcCdD
2d −1 −1 −1 cAcBcCdD
2e 1 0 0 cAcBcCcD
2f −1
4
(1− α) 1
4
(1− α) −1
4
(1− α) cAcBdCcD
2g 12
1
2
1
2 c
AcBdCcD
2h 1
2
α 0 0 cAcB
2i 34α 0 0 c
AcB
2j −3
4
(3 + α) 0 0 cAcB
2k 18α −18α 18α cAcBdCcD
2l −38 (1− α) −18(1− α) 18(1− α) cAcBdCcD
2m 1
2
α 1
2
α −1
2
α cAcBdCcD
2n 12α −12α 12α cAcBcCdD
2o −1
4
α −1
4
α 1
4
α cAcBdCcD
2p 38(3 + α) −18(3 + α) 18(3 + α) cAcBcCdD
2q α 0 0 cAcBcCcD
2r −14α 14α −14α cAcBcCdD
2s 34(1 + α)
3
4 (1 + α) −34 (1 + α) cAcBcCdD
2t −1
2
α −1
2
α −1
2
α cAcBcCdD
2u 12α
1
2α
1
2α c
AcBcCdD
2v −3
8
α −3
8
α 3
8
α cAcBcCdD
2w −14 (3 + α) −14(3 + α) −14 (3 + α) cAcBdCcD
2x 12
1
2 −12 cAcBdCcD
2y 1 −1 1 cAcBdCcD
Table 2: Contributions from Fig. 2
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Fig. X2 Y2 Z2 Tensor
2z 1
4
(2 + α) 1
4
(2 + α) 1
4
(2 + α) cAcBdCcD
2aa 14α
1
4α −14α cAcBdCcD
2bb 3
4
−1
4
1
4
cAcBdCcD
2cc −14α −14α 14α cAcBdCcD
Table 2: Contributions from Fig. 2 (continued)
The sum of the contributions from Table 2 can be written in the form
Γ
(1)pole
21PI =
√
2g3LCµνAaµ
[(
7
2 (1 + α)fbaedcde − fdaedcbe + 12fbdedcae
)
Ngφ¯bλ¯cσ¯νψ
d
− 1
2
(1 + 5α)
√
2Ng0f
abcφ¯bλ¯0σ¯νψ
c − 1
2
(7 + 5α)
√
2Ngfabcφ¯bλ¯cσ¯νψ
0
] (A.4)
The contributions from Fig. 3 are of the form
ig3NLCµν(∂µA
A
ν φ¯
BXABC3 F
C +AAν ∂µφ¯
BY ABC3 F
C)dABC (A.5)
where the X3, Y3 and tensor products in the decomposition of X
ABC
3 and Y
ABC
3 are given
in Table 3:
Fig. X3 Y3 Tensor
3a 0 3 cAcBdC
3b 0 −2 cAcBdC
3c 1 1 cAcBdC
3d −(5 + α) 0 cA
3e 2α −2 cAcBdC
Table 3: Contributions from Fig. 3
The contributions from Table 3 add to
Γ
(1)pole
31PI =iNg
3LCµν
[
−(4− α)dabcφ¯b∂µAaνF c
− 3(1− α)dab0φ¯a∂µAbνF 0 − (5 + α)dab0φ¯0∂µAaνF b
]
.
(A.6)
The contributions from Fig. 4 are of the form
ig4NLCµνAAµA
B
ν (X
ABCD
4 f
ABEdCDE + Y ABCD4 f
ACEdBDE)φ¯CFD (A.7)
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where the X4 and Y4 and tensor products in the usual decomposition are given in Table 4:
Fig. X4 Y4 Tensor
4a −3
4
α 0 cAcBcCdD
4b 12α α c
AcBcCdD
4c −12α −α cAcBcCdD
4d 0 0 cAcBcCdD
4e 14 (2 + α) 2 + α c
AcBcCdD
4f −1
2
1 cAcBcCdD
4g −32α 0 cAcB
4h 32 (1 + α) 0 c
AcB
4i −14 (3 + α) −(3 + α) cAcBcCdD
4j 12α 0 c
AcBcCdD
4k −3
4
α 0 cAcBcCdD
4l 0 0
Table 4: Contributions from Fig. 4
The contributions from Table 4 add to
Γ
(1)pole
41PI =ig
4LCµνAaµA
b
ν
(
1
4
(3− 4α)Nfabedcdeφ¯cF d
− 2α
√
2Nfabcφ¯cF 0 + 32
√
2Nfabcφ¯0F c
)
.
(A.8)
The contributions from Fig. 5 are of the form
XABCD5 |C|2g2gCgDLφ¯Aλ¯C λ¯DFB (A.9)
where XABCD5 is given in Table 5. In Table 5 we have introduced the notation (D˜
A)BC =
dABC . Using results from the Appendix, the contributions from Table 5 add to
Γ
(1)pole
51PI =g
4L|C|2
[
−1
2
(3 + α)Nfacef bde + 11
8
Ndabedcde
− 12δabδcd − 12δacδbd
]
φ¯aλ¯cλ¯dF b
+ dabcg3L|C|2
√
2N
[
gφ¯0λ¯aλ¯bF c + 3g0φ¯
aλ¯bλ¯0F c + 2gφ¯aλ¯bλ¯cF 0
]
+ 4g3g0L|C|2
(
φ¯0λ¯0λ¯aF a + 2φ¯aλ¯aλ¯0F 0
)
.
(A.10)
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Fig. XABCD5
5a 0
5b 4tr[F˜AF˜CD˜BD˜D]
5c −2tr[F˜AD˜C F˜DD˜B]
5d −αNdCcDcXdABXdCDX
5e (1 + α)NcXdABXdCDX
5f −1
2
NαcAdBcXdABXdCDX
5g 0
5h 2αtr[F˜C F˜AD˜BD˜D]
5i −12 (3 + α)tr[F˜AF˜BF˜DF˜C ]
5j 1
2
α(tr[F˜C F˜AF˜DF˜B]− 1
2
NfXACfXBD)
5k (tr[F˜AF˜C F˜DF˜B ] + 12Nf
XACfXBD)
Table 5: Contributions from Fig. 5
The divergent contributions to the effective action from the graphs in Fig. 6 are of
the form
iLNg3X6C
αβdabef cdeφ¯aφ¯bψcαψ
d
β (A.11)
where the contributions from the individual graphs to X6 and the associated tensors in
the usual decomposition are given in Table 6:
Fig. X6
6a 0
6b 0
6c α
6d −α
6e −1
Table 6: Contributions from Fig. 6
The contributions from Table 6 add to
Γ
(1)pole
61PI = −iLNg3Cαβdabef cdeφ¯aφ¯bψcαψdβ . (A.12)
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The divergent contributions to the effective action from the graphs in Fig. 7 are of
the form
imLNg2gAX
ABC
7 C
µνdABC∂µA
A
ν φ¯
Bφ¯C (A.13)
where the contributions from the individual graphs to X7 and the associated tensors in
the usual decomposition are given in Table 7:
Fig. X7 Tensor
7a 2 cAcBdC
7b −1 cAcBdC
7c −1 cAcBdC
7d 0
7e −4 dAcBcC
7f −2α dAcBcC
7g −2 dAcBcC
7h −1
2
cAcBdC
7i −1 cAcBdC
7j −(1 + 2α) cAcBdC
7k 32 c
AcBdC
7l −12 (5 + α) cA
7m α dAcBcC
7n 1 dAcBcC
7o 1
2
cAcBdC
7p 1 cAcBdC
7q 1 + 2α cAcBdC
7r −3
2
cAcBdC
Table 7: Contributions from Fig. 7
These results add to
Γ
(1)pole
71PI =− 12(5 + α)iLg2Cµνm
[
3Ngdabc∂µA
a
ν φ¯
bφ¯c
+ 2g
√
2N∂µA
a
ν φ¯
aφ¯0 + 4g0
√
2N∂µA
0
ν φ¯
aφ¯a
]
.
(A.14)
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(Note that the contributions from Figs. 7(h-k) cancel those from Figs. 7(o-r) respectively.)
The divergent contributions to the effective action from the graphs in Fig. 8 are of
the form
imLNg4XABCD8 C
µνfABEdCDEAAµA
B
ν φ¯
C φ¯D (A.15)
where the contributions from the individual graphs to X8 and the associated tensors in
the usual decomposition are given in Table 8:
Fig. X8 Tensor
8a −2 cAcBcCcD
8b 1 cAcBcCcD
8c 1 cAcBcCcD
8d 2 cAcBcCcD
8e α cAcBcCcD
8f 1 cAcBcCcD
8g −14(3 + α) cAcBcCdD
8h 0
8i 0
8j 1 cAcBcCdD
8k 34α c
AcBcCdD
8l −12α cAcBcCdD
8m 34α c
AcBcCdD
8n 14 (2 + α) c
AcBcCdD
8o 0
8p 0
8q −3
4
α cAcB
8r 34 (1 + α) c
AcB
8s −12α cAcBcCcD
8t −1
2
cAcBcCcD
Table 8: Contributions from Fig. 8
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Fig. X8 Tensor
8u 1
4
(3 + α) cAcBcCdD
8v 0
8w 0
8x −1 cAcBcCdD
8y −34α cAcBcCdD
8z 1
2
α cAcBcCdD
8aa −34α cAcBcCdD
8bb −1
4
(2 + α) cAcBcCdD
8cc 0
8dd 0
Table 8: Contributions from Fig. 8 (continued)
These results add to
Γ
(1)pole
81PI = iLg
4CµνmfabeAaµA
b
ν
[
1
4 (13 + 2α)Nd
cdeφ¯cφ¯d + 32
√
2Nφ¯eφ¯0
]
(A.16)
(Note that the contributions from Figs. 8(g-p) cancel those from Figs. 8(u-dd) respectively.)
The contributions from Fig. 9 are of the form
XABCD9 g
2gCgDmL|C|2φ¯Aφ¯Bλ¯C λ¯D. (A.17)
The contributions from the individual graphs to XABCD9 are given in Table 9. The results
in Table 9 add to
Γ
(1)pole
91PI =|C|2mL
{[
11
8
Ndabedcde − 1
2
(
1− 4 g2
g2
0
)
δabδcd − 1
2
δadδbc
+ 4
N
(
1− g2
g2
0
)
facef bde
]
g4φ¯aφ¯bλ¯cλ¯d
+ g3dabc
√
2Nφ¯aλ¯b
(
3g0φ¯
cλ¯0 + gφ¯0λ¯c
)
+ 4g3g0φ¯
aφ¯0λ¯aλ¯0
}
.
(A.18)
(Note that the contributions from Figs. 9(h–m) cancel those from Figs. 9(u–z); this is
analogous to the situation with Figs. 7 and 8, and is a consequence of our choice of
coefficient for the last term in Eq. (3.1).)
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Fig. XABCD9
9a 1
2
αtr[F˜AF˜BD˜CD˜D]
9b 12 tr[F˜
AF˜BD˜CD˜D]
9c 1
2
(3 + α)tr[F˜AF˜BD˜CD˜D]
9d −αtr[F˜AF˜BD˜CD˜D]
9e NdABEdCDEcAcBcCcDcE − 2cCcDtr[F˜AF˜BD˜CD˜D] + 4
N
fACEfBDE
+2g
2
g2
0
(
cAcBcCcDδABδCD − 2
N
fACEfBDE
)
9f 12αtr[F˜
AF˜BF˜C F˜D]
9g 12tr[F˜
AF˜BF˜C F˜D]
9h −tr[F˜AF˜BF˜C F˜D]− 1
2
NfACEfBDE
9i −12α
(
tr[F˜AF˜C F˜BF˜D]− 12NfACEfBDE
)
9j −2αtr[F˜CF˜AD˜BD˜D]
9k −4tr[F˜CF˜AD˜DD˜B]
9l 1
2
αNcAdBcEdABEdCDE
9m 2tr[F˜AD˜C F˜DD˜B ]
9n 0
9o 0
9p −1
2
αNdABEdCDEdCcDcE
9q 12(1 + α)Nd
ABEdCDEcE
9r −14 (3 + α)tr[F˜AF˜BF˜C F˜D]
9s −1
4
αtr[F˜AF˜BF˜C F˜D]
9t −14 tr[F˜AF˜BF˜C F˜D]
9u tr[F˜AF˜BF˜C F˜D] + 1
2
NfACEfBDE
9v 12α
(
tr[F˜AF˜C F˜BF˜D]− 12NfACEfBDE
)
9w 2αtr[F˜C F˜AD˜BD˜D]
9x 4tr[F˜C F˜AD˜DD˜B ]
Table 9: Contributions from Fig. 9
25
Fig. XABCD9
9y −1
2
αNcAdBcEdABEdCDE
9z −2tr[F˜AD˜C F˜DD˜B]
9aa 0
9bb 0
Table 9: Contributions from Fig. 9 (continued)
The results from Fig. 10 are of the form
Nyg2LX10C
µνfabc∂µφ¯
a∂ν φ¯
bφ¯c (A.19)
and the contributions from the individual graphs to X are given in Table 10.
Fig. X10
10a 1
2
α
10b 0
10c 2
10d 0
10e −32
Table 10: Contributions from Fig. 10
The results in Table 10 add to
Γ
(1)pole
101PI =
1
2Nyg
2LCµν(1 + α)fabc∂µφ¯
a∂ν φ¯
bφ¯c (A.20)
We have not explicitly drawn most of the diagrams (labelled Fig. (11a,b. . .)) giving con-
tributions of the form
iCµνyg2gDL
(
XABCD11 ∂µφ¯
Aφ¯Bφ¯CADν + Y
ABCD
11 φ¯
Aφ¯Bφ¯C∂µA
D
ν
)
, (A.21)
since they can be obtained by adding external scalar lines to the diagrams of Fig. 7. Thus
Figs. 11(e-o) are obtained from Figs. 7(a-k) by adding an external scalar (φ¯) line at the
position of the cross. Figs. 11(p-v) are obtained from Figs. 7(l-r) by adding an external
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scalar (φ¯) line at the position of the dot. The remaining Figs. 11(a-d) are depicted in
Fig. 11. The individual contributions to XABCD11 and Y
ABCD
11 in Eq. (A.21) are given in
Table 11.
Fig. XABCD11 Y
ABCD
11
11a −αtr[F˜AF˜BF˜C F˜D] 0
11b −tr[F˜AF˜BF˜C F˜D] 0
11c 12α(tr[F˜
AF˜BF˜C F˜D]− 12NfABEfCDE) 0
11d 0 0
11e −4tr[D˜BD˜AF˜C F˜D] 0
11f 2tr[D˜AD˜BF˜C F˜D] 0
11g 2tr[D˜AF˜BD˜C F˜D] 0
11h −2NfABEfCDE 0
11i 0 −4tr[D˜BF˜CD˜DF˜A]
11j 0 −2αtr[F˜BF˜CD˜DD˜A]
11k 0 −2tr[F˜BF˜CD˜DD˜A]
11l tr[D˜(AD˜B)F˜C F˜D] 0
11m 2tr[F˜DF˜AD˜BD˜C ] 0
11n 2tr[D˜BD˜C F˜DF˜A] −2αtr[D˜BD˜C F˜DF˜A]
11o −3tr[D˜BD˜C F˜DF˜A] 0
11p 0 1
6
(5 + α)
(
tr[F˜AF˜BF˜C F˜D]−NcDdABEdCDE
)
11q 23α
(
tr[F˜ [AF˜B]F˜C F˜D]− 12NfABEfCDE
)
1
3α
(
4tr[F˜AF˜BD˜CD˜D] +NcBcCdEdADEdBCE
)
11r tr[F˜AF˜BF˜C F˜D] 13tr[F˜
AF˜BF˜C F˜D]
+1
3
(
4tr[F˜AF˜BD˜CD˜D] +NcBcCdEdADEdBCE
)
11s 13
(
(3 + α)NfABEfCDE − tr[F˜AF˜BF˜C F˜D]
)
1
6 (1 + α)tr[F˜
AF˜BF˜C F˜D]
+16
(
4tr[F˜AF˜DD˜BD˜C ] + cAcDdENdADEdBCE
)
+16
(
4tr[F˜AF˜DD˜BD˜C ] + cAcDdENdADEdBCE
)
11t 1
6
(
4tr[F˜AF˜BF˜C F˜D]− αNfABEfCDE
)
−1
3
αtr[F˜AF˜BF˜C F˜D]
−13
(
4tr[F˜DF˜AD˜BD˜C ] +NcAcDdEdADEdBCE
)
Table 11: Contributions from Fig. 11
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Fig. XABCD11 Y
ABCD
11
11u tr[ 1
6
{
(4 + 3α)F˜AF˜B − 3αF˜BF˜A
}
F˜C F˜D] −1
6
αtr[F˜AF˜BF˜C F˜D]
−14αNfABEfCDE +13α
(
4tr[F˜DF˜AD˜BD˜C ] +NcAcDdEdADEdBCE
)
−13
(
4tr[F˜DF˜AD˜BD˜C ] +NcAcDdEdADEdBCE
)
11v −tr[F˜AF˜BF˜C F˜D] + 32NfABEfCDE 0
+12
(
4tr[F˜DF˜AD˜BD˜C ] +NcAcDdEdADEdBCE
)
Table 11: Contributions from Fig. 11 (continued)
The results sum to
Γ
(1)pole
111PI =iC
µνyg2L
(
−1
2
g
(
3 + 7
3
α
)
Nfabef cde∂µφ¯
aφ¯bφ¯cAdν
+
[− ( 54 − 16α)Ndabedcde + (3 + 73α) δabδcd] gφ¯aφ¯bφ¯c∂µAdν
− 12(9 + α)g
√
2Ndabcφ¯0φ¯aφ¯b∂µA
c
ν − (5 + α)gφ¯0φ¯0φ¯a∂µAaν
− 2g0
√
2Ndabcφ¯aφ¯bφ¯c∂µA
0
ν − 8g0φ¯aφ¯aφ¯0∂µA0ν
)
.
(A.22)
Appendix B. Group identities for U(N)
The basic commutation relations for U(N) are (for the fundamental representation):
[Ra, Rb] = ifabcRc, {RA, RB} = dABCRC , (B.1)
where dABC is totally symmetric. Defining matrices F˜A, D˜A by (F˜A)BC = ifBAC ,
(D˜A)BC = dABC , useful identities for U(N) are
Tr[F˜AF˜B ] =NδAB, Tr[D˜AD˜B ] = NδAB,
Tr[F˜AF˜BD˜C ] =N
2
dABCcAcBdC , Tr[F˜AD˜BD˜C ] = iN
2
fABC ,
fABEdCDE+fACEdDBE + fADEdBCE = 0,
fABEfCDE =dACEdBDE − dADEdBCE ,
(B.2)
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and also
Tr[F˜AF˜BF˜C F˜D] =cAcBcCcD
[
1
2δ
(ABδCD)
+ N4
(
dABEdCDE + dADEdBCE − dACEdBDE)],
Tr[F˜AF˜BF˜CD˜D] =− N
4
i(dABEfCDE + fABEdCDE)cAcBcCdD,
Tr[F˜AF˜BD˜CD˜D] =
[
1
2
cAcBcCcD
(
δABδCD − δACδBD − δADδBC)
+ N4 c
AcBdCdD
(
dABEdCDE + dADEdBCE − dACEdBDE)],
Tr[F˜AD˜BF˜CD˜D] =cAcBcCcD 12
(
δACδBD − δABδCD − δADδBC)
+ N4 c
AdBcCdD
(
dABEdCDE + dADEdBCE − dACEdBDE)].
(B.3)
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(a) (b) (c)
(d) (e) (f)
(g) (h) (i)
(j)
Fig. 1: Diagrams with one gaugino, one scalar and one chiral fermion
line; the dot represents the position of a C.
30
(a) (b) (c)
(d) (e)
(g) (h) (i)
(j) (k)
(m) (o)
(f)
(l)
(n)
Fig. 2: Diagrams with one gaugino, one scalar, one chiral fermion and
one gauge line; the dot represents the position of a C.
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(p) (q) (r)
(s) (t) (u)
(v) (w) (x)
(y) (z) (aa)
(bb) (cc)
Fig. 2(continued).
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(a) (b) (c)
(d) (e)
Fig. 3: Diagrams with one gauge, one scalar and one auxiliary line; the
dot represents the position of a C.
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(a) (b) (c)
(d) (e) (f)
(g) (h) (i)
(j) (k) (l)
Fig. 4: Diagrams with two gauge, one scalar and one auxiliary line; the
dot represents the position of a C.
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(a) (b) (c)
(d) (e) (f)
(g) (h) (i)
(j) (k)
Fig. 5: Diagrams with two gaugino, one scalar and one auxiliary line;
the dot represents the position of a C or a |C|2.
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(a) (b) (c)
(c) (d)
Fig. 6: Diagrams with two scalar and two chiral fermion lines; the dot
represents the position of a C.
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(a) (b) (c)
(f)
(g)
(d)
(m) (n)
(l)
(e)
(h) (i)
(j) (k)
(o)
Fig. 7: Diagrams with two scalar, one gauge line; a dot denotes a C, a
cross a mass and a crossed circle a vertex with both a mass and a C.
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(r)(p) (q)
Fig. 7(continued)
38
(a) (b) (c)
(e) (f)(d)
(g) (h) (i)
(j)
(o)
(k) (l)
(m) (n)
Fig. 8: Diagrams with two scalar, two gauge lines; a dot denotes a C,
a cross a mass and a crossed circle a vertex with both a mass and a C.
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(p)
(s) (t)
(q) (r)
(u)
(y)
(v)
(bb)
(x)(w)
(cc) (dd)
(z) (aa)
Fig. 8(continued)
40
(h) (i)
(f)
(g)
(e)(d)
(c)(a) (b)
(j) (k) (l)
(m) (n) (o)
Fig. 9: Diagrams with two scalar, two gaugino lines; a dot denotes a C,
a cross a mass and a crossed circle a vertex with both a mass and a C.
41
(p) (q)
(w) (x)
(y) (z) (aa)
(bb)
(r)
(s) (t)
(v)
(u)
Fig. 9 (continued)
42
(a) (b) (c)
(d) (e)
Fig. 10: Diagrams with three scalar lines; a dot represents the position
of a C, a cross a superpotential vertex without a C and a crossed circle
a superpotential vertex with a C.
(a) (b) (c)
(d)
Fig. 11: Diagrams with three scalar lines and one gauge line; a crossed
circle represents a superpotential vertex with a C.
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